We used data available from the literature and measurements from Baltionore, Marylan6 to (i) assas inter-city variebifity of soil oqanic carbon (SOC) pools (1-m depth) of six cities (Atlanta, Balbore, Boston, Cbifago, Oakland, and Syracuse); (ii) calculate the net effect of urban land-use conversion on SOC pools for the same cities; (iii) use the National Land Cover Database to extrepolrrte total SOC pools for each of the lower 48 U.S. states; and (iv) compare these totals with aboveground totals of carbon storage by trees. Residential soils in Baltimore had SOC densities that were approxitnately 20 to 34% less than Moscow or Chicago. By contrast, park soils in Baltimore had more than double the SOC density of Hong Kong. Of the six cities, Atlanta and Chicago had the highest and lowest SOC densities per total area, respectively (7.83 and 5.49 kg mP2). On a pervious area basis, the SOC densities increased between 8.32 (Oakland) and 10.82 (Atlanta) kg m-' . In the northeastern United States, Boston and Syracuse had 1.6-fold less SOC post-than in pre-urban development stage. By contrast, cities located in warmer andlor drier climates had slightly higher SOC pools post-than in pre-urban development stage (4 and 6% for Oakland and Chicago, respectively). For the state analysis, aboveground estimates of C density varied from a low of 0 . 3 (WY) to a high of 5.1 (CA) kg m-' , while belowground estimates varied from 4.6 (NV) to 12.7 (NH) kg m-' . The ratio of aboveground to belowground estimates of C storage varied widely with an overall ratio of 2.8. Our results suggest that urban soils have the potential to sequester large amounts of SOC, espeaally in residential areas where management inputs and the lack of amual soil disturbances create conditions for net increases in SOC. In addition, our analysis suggests the importance of regional variations of land-use and land-cover distributions, especially wetlands, in estimating urban SOC pools. I N TERRESTRIAL ECOSYSTEMS and at global scales soil organic carbon (SOC) is primarily a function of the average net primary productivity (or inputs of organic matter) and the rate of organic matter decay (Kirschbaum, 2000) . Because rates of organic matter input and decay differentially vary in their sensitivities to temperature and precipitation, a wide variation in SOC exists among life zones (Post et al., 1982) . While precipitation and temperature are good predictors of SOC pools at global scales, pools at regional and local scales vary due to soil drainage and the quality of litter entering the soil system (Berg and McClaugherty, 1987; Ciiuteaux et al., 1995). These factors in turn are highly related to topography, soil texture, and plant species composition. In urban landscapes, SOC also may vary due to introduc- tions of human disturbances, exotic plants, horticultural management (e.g., fertilization, irrigation, clipping), and urban environmental factors (e.g., urban heat island, elevated atmospheric carbon dioxide). The net result is an "urban soil mosaic'hhere soil conditions, and thus SOC, can vary widely between and within types or patches of soil (Pouyat et al., 2003) .
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Recent research efforts have addressed whether various land-use changes and their associated soil modifications will affect soil C storage at regional and global scales (Houghton et al., 1999; Caspersen et al., 2000) . In the case of urban land-use change, very little data are available to assess the spatial variation of SOC pools and whether urban land use leads to a net increase or decrease in these pools (Pouyat et al., 2002) . This lack of data has made it problematic to predict or assess the regional effects of land-use change on soil C pools in populated regions of the world (e.g., Ames and Lavkulich, 1999: Tian et al., 1999) .
In the United States, the conversion of agricultural, grass, and forest land to urban land use is occurring at accelerated rates. Between 1980 and 2000 alone, land devoted to urban uses grew by more than 34% in the United States (USDA Natural Resources Conservation Service, 2001) . By contrast, the population grew by only 24% during the same period (United States Department of Commerce, 2001 ). The resultant urban growth pattern is more dispersed than earlier development patterns and as a result is increasingly affecting the storage of carbon in soils. Urban development can increase or decrease SOC pools depending on the net effect of the previously mentioned factors and the amount of SOC stored in the ecosystem before urban development (Pouyat et al., 2003) .
In earlier attempts, we calculated urban SOC pools for the conterminous United States (Pouyat et al., 2002 (Pouyat et al., , 2003 , but did not consider regional differences in native soils (associated with remnants of native ecosystems) and differences in land-use and vegetative cover patterns that occur among cities (Nowak et al., 1996) . In this paper we use data that is available from the literature and our own measurements to estimate SOC pools of cities previously assessed for aboveground carbon stocks by trees (Nowak and Crane, 2002) , and use the National Land Cover Database (NLCD) to extrapolate total SOC pools by state, region, and the conterminous United States. Specifically, our objectives were to (i) assess inter-city variability of SOC pools (1-m depth) of six cities (Atlanta, Baltimore, Boston, Chicago, Oakland, and Syracuse) where field collected data of tree biomass, land use, and cover were available; (ii) for the same cities calculate the net effect of urban land-use conversion Abbreviations: NLCD, National Land Cover Database; SOC, soil organic carbon. on SOC pools; (Ei) use the NLCD to extrapolate total Pouyat et al. (2002 Pouyat et al. ( ,2003 reported on urban SOC data compiled from the literature. Data were required to be to a 1-m depth, sampled by horizon, and measurements made of horizon thickness, percentage of coarse fragments, bulk density, and organic carbon concentration. Only a few studies of urban areas met these requirements. These included data sets from Short et al. (1986) , Jo and McPherson (1995) , Jim (1998) , Stroganova et al. (1998) , Evans et al. (2000) , and Hernandez et al. (1997) . In Pouyat et al. (2002 Pouyat et al. ( , 2003 , pedon data from these studies were assigned into made, park use, recreational, and residential categories. The made-soil category was further subdivided based on the origin of the fill material (clean fill, construction debris, coal ash, refuse, old dredge, and recent dredge materials).
In this paper, we also included preliminary SOC data from Baltimore collected using undisturbed cores. The core method is less intrusive than excavating a pit and allows for more replications at each location. For this study we included 20 sampling locations randomly stratified by land use and land cover from residential (n = 18) and park use (n = 2) grass-cover types within Baltimore. The locations coincided with 0.04-ha circular plots that were sampled for vegetation and surface soils in previous studies (Nowak et al., 2004; Pouyat et al., unpublished data) . In each plot we extracted three 3.3-cmdiameter cores (1-m depth) in a triangle at least 1.5 m apart around an approximated center point of the dominant cover type (at least 60% of the plot area). Each core was brought to the lab for characterization and subsampled by horizon. For each horizon, bulk density was measured using the clod method (Blake and Hartge, 1986) . The proportion of coarse fragments was determined by passing a known weight of the same subsample through a 2-mm sieve. Subsamples of soil were analyzed for total organic C using a Model 2400 CHNS Analyzer (PerkinElmer, Wellesley, MA). The samples were first ground and passed through a 2-mm sieve and subsequently pulverized by continuously rotating subsamples of soil in glass bottles containing steel rods for at least 24 h.
For all data, the density of C in a horizon of unit area (1 m2) was calculated as:
where G is carbon density, ti2,, is the fraction of material larger than 2 mm in diameter, Db is bulk density, fc is the fraction by mass of organic C, and Vis the volume of individual horizons (Post et al., 1982) . Data for the soil horizons were summarized to report soil C density on a m2 basis to a 1-m depth. In those cases where we were unable to extract a core to 1 m, we extrapolated the lowest horizon's measurements to reach a 1-m depth. With these extrapolations we found no relationship between overall SOC density and the difference in length between the actual depth of the core and 1 m.
We combined pedon and core data compiled from the literature and data collected in Baltimore to update estimates of urban SOC densities made in Pouyat et al. (2003) grass, and clean fill). Therefore, estimates of SOC for the landuse and land-cover types were not based on a statistical sample but rather on a compilation of data from separate sources. Thus, we make what we consider a best estimate of urban SOC pools with the following assumptions. Erst, estimates of SOC densities for clean fill, park use, and residential soils are representative of all made soils. We based this assumption on data presented in Pouyat et al. (2002 Pouyat et al. ( , 2003 , which showed that the variance of SOC densities was relatively low at 3.8 + 0.99 and 15.5 1 : 1.2 kg m-2 for clean fill and residential soils, respectively.
The second assumption is that soils have reached similar steady state equilibriums between C accumulation and decay posturbanization regardless of region. The third assumption is that SOC pools are negligible below 1-m depth, which underestimates SOC for fill soils in which a buried A horizon exists.
Estimation of Individual Cities
Using these data we assigned a SOC density value to previously delineated land-use and land-cover designation~ to estimate belowground SOC stocks in six cities where such data exist (Table 2) . In these cities, urban forest structure was previously determined using methods developed by the USDA Forest Service (Nowak and Crane, 2000) . In each city approximately 200 0.04-ha plots were stratified randomly by land use and land cover, and data collected on location, species, stem diameter at 1.37 m above ground (diameter at breast height, dbh), tree and crown height, crown width, canopy location, and the proportion of impervious area. From these data, we calculated the pervious cover for each land-use and land-cover type. Viie assumed that soils beneath impervious cover had a SOG density of 3.3 ir 0.93 kg m-2 or the concentration of SOC found in clean fill (Fig. 1 ). In the case of remnant soils (undisturbed soils associated with native cover types) we assigned from the literature a SOC density of the representative native soil (Table 2) . To calculate the amount of SOC (kg) in each land-use and land-cover type within a city, we multiplied the impervious and pervious areas in Table 3 by 3.3 kg md2 and the densities in Table 2 (residential, park use, and remnant), respectively.
In addition to the previous estimates, we compared the areaweighted SOC density and total amount of SOC of the six cities to SOC levels in the native forest, grass, or agricultural soil that $ SOC for Central cropland (Birdsey, 1992) .
I Average of clean Ell values from Tahle 1 (n = 3). l X s value is used for other land-use and land-cover categories such as comercial-industrial, idtutionai-huiiding dominated, insttutional, miscellaneous, transportation, urban open, vacant, and impervious.
1 SOC for Southeast m e r l a n d (Birdsey, 1992) .
# SOC for Mid-Atlantic timherland (Birdsey, 1992) .
tt SOC for Northeast timherland (Birdsey, 1992 m SOC for Central grassland (Birdsey, 1992) .
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was likely present before the development of each city. For each city we estimated the SOC density of the native and agricultural soil type using data from Birdsey (1992) . In each case, we took the original estimates of SOC pools and densities for each city and compared them with agricultural and native soil type densities for that region of the conterminous United States (Table 2 ). For example, the Baltimore landscape was previously dominated by hardwood deciduous forests with smaller areas of riparian and wetland soils (Schneider, 1996) . After European colonization and before the development of the city, the forested areas were transformed to agricultural uses. We Fig. 1 . Means (It SE) of soil organic carbon (SOG) densities (kg m -' ) for residential grass (n = 3, where n is the number of individual cities), clean fill (n = 2), and park use and grass (n = 2) soils. Data are summarized &om Table 1. therefore compared current SOC pools and densities with agricultural and forested soil levels that are typical for this region (Table 2) .
Land Use

Estimations by State
To estimate SOC pools in urban areas of the conterminous United States, we used the 30-m spatial resolution NLCD to determine urban land-use and land-cover distributions by state (Table 4 ). In the NLCD, land with a population density of at least 386 people km-2 was considered an urbanized area and adjacent places with a minimum population of 2500 people were called urban places; urbanized areas and urban places together comprise urban land (Dwyer et al., 2000; Nowak et al., 2001 ). Similar to the city estimates above, we assigned our best estimates of SOC densities to individual land-use and landcover classes within regions (Table 5) , and multiplied by the estimated pervious and impervious aerial coverage of these classes for each state. Densities of SOC were derived by multiplying a state's percentage of urban land use and land cover in Table 4 by total urban areas of that state in Table 9 . Values were adjusted for impervious cover in each class based on national average estimates of impervious areas within each land-use and land-cover class by Nowak et al. (1996) . We then compared the ratio of each state's SOC pool estimations with aboveground carbon stocks (Nowak and Crane, 2002) . These data were then summarized for eight U.S. regions after Birdsey (1992) . Using this approach, differences in total SOC among states and regions will not only be due to regional differences in urban land use and land cover but also non-urban cover types remaining in the urban landscape (Forest, Grassland, Shrubland, and Agriculture land-use and land-cover classifications in the NLCD) and their assigned SOC densities (Table 5) .
RESULTS AND DISCUSSION
Estimates of SOC densities of disturbed and made soils varied widely by land use and land cover (Table 1) . The Baltimore residential grass data (n = 18) that was (e.g., golf courses), were less managed and had greater added to the previous data set (Pouyat et al., 2003) had intensities of use than residential lawns and thus have SOC densities that were approximately 20 to 34% less SOC densities that are more likely to reflect variations in than that of Moscow (n = 2) and Chicago (n = 2), resite conditions and use. spectively. By contrast, park SOC densities in Baltimore (n = 2) were more than double that was found for grass
City Estimates
areas i' n parks of Hong Kong (n = 5).
Residential grass data from Denver-Boulder, CO (Golubiewski and Wessman, 2006) were available, but the depth of analysis in that study was only 0 to 30 cm. Lawn areas of 40-to 50-yr-old subdivisions were sampled using a core method and had SOC densities of up to 6.2 kg m-'. If we extrapolate C densities to a 30-to 100-cm depth using the lower portion of the core data reported (20-30 cm), we estimate the SOC density would be approximately 11.0 kg m-' for these soils. This estimate is somewhat lower than the residential soils in Table 1 , which may reflect the study site (short grass prairie), site history, or the inaccuracy of our 30-to 100-cm depth estimate.
Regardless of the variability in the residential data, it appears that measurements of SOC densities for residential lawns are relatively high and of low variability compared to other non-wetland soil types found in urban landscapes (Fig. I) , which is consistent with a more limited data set in Pouyat et al. (2002) . Based on this narrow dataset, residential, clean fill, and park use soils have errors (SE of the mean) of approximately 14.4 It 1.2, 3.3 It 0.93, and 7.1 t 2.9 kg m-' , respectively (Fig. I) . Pouyat et al. (2003) suggested that high SOC densities in residential areas are likely due to the longer growing seasons of cool season turf grasses in comparison to deciduous trees and to increases in net primary productivity from fertilizer and water supplements. The relatively low variability of SOC densities in residential lawns may reflect efforts by individual homeowners to overcome natural constraints on plant growth (and thus decay) irrespective of the prevailing climate and variability of site conditions (Pouyat et al., 2006) . By contrast, parkuse soils, which did not include highly managed turf areas Of the six cities analyzed, Atlanta and Chicago had the highest and lowest SOC densities, respectively (7.8 and 5.5 kg m-') ( Table 6 ). Atlanta's relatively high SOC density can be attributed to the high proportion of forested (13 %) and residential areas (55 %) in that city (Table 3) . Chicago, conversely, had a high proportion of land under impervious cover (60%) and commercialindustrial land uses (25.2%) (Tables 3 and 6 ). The SOC density of all six cities was 6.3 kg m-2 (Table 6 ). This density value is approximately 25% lower than that of our previously estimated SOC density for urban areas of the conterminous United States (Pouyat et al., 2003) . The calculation of SOC density for the six cities is an underestimate since wetlands, which have the potential to store a high amount of SOC (Trettin and Jurgensen, 2003) , were not delineated in the previous forest structure analyses.
When SOC densities were calculated by the pervious areas of each city, the densities varied between 8.3 and 10.8 kg mm2 for Oakland and Atlanta, respectively (Table 6 ). The reporting of densities by pervious area resulted in increases of up to 59.9% (Chicago), which we attribute to the relatively low SOC density assigned to soils beneath impervious surfaces (Table 2) . Since Atlanta has a relatively low proportion of impervious cover (39.8%), the gain in SOC density on a pervious basis (38.2%) was lower than the other cities. Oakland, on the other hand, while ranking intermediate to the other cities in impervious cover, ranked the lowest in SOC densities on a pervious area basis (Table 6 ). We attribute this disproportionately small gain in density to Oakland's relatively high proportion of wildland cover, which is associated with low SOC densities characteristic of native soils in the region (Table 2) . The SOC densities based on pervious areas of the six 88% or less (Table 6 ). The pervious aboveground densities cities (8.3-10.8 kg m-2) are high compared to soils of for some cities approached or exceeded the densities reother life zones of the world (Post et al., 1982) . The relaported for forest lands in the United States. In the case of tively high densities in these cities suggest that urban Atlanta, the aboveground C density on a pervious area soils have the potential to store a considerable amount of basis was 5.9 kg m-', which is approximately 0.7 kg mn2 carbon, particularly in arid climates where net primary higher than the average C stored in live trees of all forest productivity and decay rates are limited by the availlands in the state of Georgia (Birdsey, 1992) . ability of water, but with irrigation can support highly ecosystems (~o u~i t et al., 20%;Hope e t al., 2003). Likewise, aboveground C stocks are also com-
Effect of Urban Land-Use Change parable to non-urban ecosystems when reported on per-
The potential for urban areas to sequester or lose vious area basis. The cities of Atlanta, Baltimore, and SOC is exemplified by our analysis of land-use change Syracuse have up to a 3.5-fold higher amount of aboveeffects on C pools for the six cities. For those cities in the ground biomass per ha than the other cities including northeastern United States (Boston and Syracuse) there impervious areas (Table 6 ). However, if we compare perwas 1.6-fold less SOC post-than in pre-urban developvious areas only, these diEerences narrowed as Chicago, ment scenarios (Table 7) . By contrast, cities located in Boston, and oakland almost tripled the amount of abovewarmer and or drier climates, such as Chicago and Oakground biomass while the other cities increased by roughly land, had slightly higher (6 and 4%, respectively) SOC pools in post-than in pre-urban stages. The large dissimilarity between pre-and post-urbanization estimates for Boston and Syracuse are due to the high concentrations of C in the native forest soils of the northeastern United States (Table 7 ). The differences found between pre-and post-urban development stages may actually be underestimates because wetlands were not included as a cover type in this analysis.
The lower urban SOC densities in regions with native soils of high SOC and higher urban SOC densities for regions with low native SOC found in this analysis is consistent with the urban convergence hypothesis (Pouyat et al., 2003) , which predicts that urban land-use change drives ecosystem structure and function (e.g., SOC densities) over time toward a range of similar endpoints regardless of ecosystem life zone starting points. Indeed, there also is evidence for a "convergence" of SOC pools from comparisons of agricultural soils made by Post and Mann (1990) . The authors found that the average loss for soils with high initial SOC was about 23%, while soils with low initial SOC actually increased their C storage after converting to cropland.
Effect of Land Use and Land Cover
In our analysis, we accounted for the amount of soil area that is managed as turf grass (park or residential grass) or has been drastically disturbed (fill) since these areas will vary in their aerial coverage by city (Table 3) . We also considered regional differences in SOC densities of native soils for remnant cover types that may occur in an urban area. As a result, the total amount of SOC varied considerably among land-use and land-cover types (Table 8) . By far the greatest proportion of SOC for all six cities was found in residential areas (65 %), followed by comrnercialindustrial (11%) and forest (5.6%) types (Table 8) . If we combine the cover types that primarily represent remnant soils (forest, greenspace, vacant, wildland), the proportion is 9.4%, a surprisingly high percentage given these are urban areas that by definition have relatively high population densities. The high amount of SOC in residential areas is a product of both the amount of land devoted to residential use (Table 3) , the relatively low impervious cover found in residential areas, and the relatively high density of C found in residential soil types ( fig. 1) . 1 SOC for tiniherland (Birdsey, 1992) .
$ SOC for grassland (Birdsey, 1992) .
SOC for cropland (Bidey, 1992).
State and Regional Estimates 2000)
. Again, this difference may be a reflection of the Urban carbon densities (kg m-2) varied widely by state for both aboveground and belowground estimates. Aboveground estimates of urban C density varied from a low of 0.3 (WY) to a high of 5.1 (GA) kg m-' , while belowground estimates varied from 4.6 ( N V ) to 12.7 (NH) kg me2 ( Table 9 ). The ratio of belowground to aboveground estimates of C storage also varied widely, but all states had a ratio above 1.0 (Table 9) . Three states had ratios of above 10.0 (NM, RI, WY) and three others were above 5.0 (CA, ND, TX). With the exception of RI, all of these states posses urban areas located in arid climates. Moreover, the high ratios of these states were more a function of having relatively low aboveground C densities ( 4 . 0 kg m-2) than particularly high belowground C densities (Table 9) . Therefore, the high ratios may be due to relatively low percentage of tree cover in the urban areas of these states. Moreover, the state aboveground estimates did not include the non-tree biomass (herbaceous cover and woody plants with diameter at breast height < 2.5 cm), which would have contributed to the aboveground carbon estimate and reduced the ratio, especially in arid climates where non-tree biomass may account for a greater proportion of the overall aboveground biomass. The belowground to aboveground ratio of the United States was 2.8 (Table 9) , which is slightly higher than the global estimate of 2.7 (Schlesinger and Andrews, relatively low canopy cover in urban areas and relatively high SOC densities found in residential lawns. Whatever the cause, the state and regional analysis suggests that urban soils have the potential to store relatively high amounts of SOC. Regional estimates of urban SOC densities and total storage reflected the differences in the native SOC pools and the amount of urban area in each region (Table 10 ). The lowest regional estimates of urban SOC densities were in the Rocky Mountain and South Central regions (5.2 and 6.6 kg mm2, respectively), while the highest estimate (11.0 kg m-2) was calculated for the Northeast. While having highly variable climate and soil types due largely to differences in elevation, the Rocky Mountain and South Central regions are largely arid and thus have soils (including urban remnant soils) inherently low in SOC. By contrast, the Northeast has climate conditions (cooler and wetter than Rocky Mountain and South Central regions) that favor a higher accumulation of C in soil. Regional differences that may occur in SOC pools of urban soils could not be assessed due to a lack of data. Nonetheless, an important factor affecting regional differences of total urban SOC storage is the amount of urban area in each region. The amount of urban area in the South Central region is more than twofold higher than several of the other regions and as a result this region has $ Each state was assigned to a region and each regional land use was assigned a carbon density ( Table 5 ). The total belowground carbon storage was calculated hy multiplying the impervious land-use area by the impervious soil organic carhon (SOC) density of 3.3 and adding the pervioua land-use area multiplied hy the appropriate land-use SOC density.
the highest amount of C stored in soil, though the C densities are relatively low (Table 10 ). The total weighted average of SOC density for all soils in the conterminous United States was 7.7 kg m-' . Taking into account the standard errors of SOC densities for each of the urban soil types (Fig. I) , the density for all urban areas ranges from 7.5 to 7.9 kg m-' . This range in density is similar to an original estimate of 8.2 kg m-' (Pouyat et al., 2002) , even though the original analysis did not account for (i) differences in land cover among urban areas, (ii) differences in SOC densities of regional differences in remnant soils, and (iii) SOC densities of wetlands. Although the allocation of cover type by region allowed for interregional comparisons in the current analysis, by averaging these differences in the previous analysis the two estimates should not vary greatly. However, by varying regional differences in native SOC densities, the new estimate reduced the SOC in the undisturbed soils category of the original calculation (Pouyat et al., 2002) . This reduction was most notable in the South Central regional estimate, which had the largest urban area of all the regions, and where the SOC densities of native soils ( Table 5 , shrub and forest lands at 3.4 and 7.6 kg C m -' , respectively) were lower than the original undisturbed soil estimate (9.4 kg m-' ) used for all urban areas (Pouyat et al., 2002) .
By contrast, our inclusion of wetland soils increased our estimate relative to the original analysis. W~t h the (Trettin and Jurgensen, 2003; Wang and Kanehl, 2003) . We lowered the density value for urban wetlands based on predicted effects of urban development on wetland soils (Trettin and Jurgensen, 2003) , though more data is needed to make a more accurate estimate. The importance of including wetland soil in our analysis is evident in the disproportionate effect of wetlands on global C pool estimates. For instance on a global scale, the area of wetlands is relatively small to other life zones; however, wetlands at this scale make up the highest proportion of SOG storage due to relatively high SOC densities (Post et al., 1982) . Likewise, our state and regional analysis was very sensitive to changes in wetland areas, which comprised 3.6% of urban areas in the conterminous United States. If we increased our estimate of SOC densities for urban wetland soils to represent estimates of the conterminous United States (45.0 kg rnmZ from Trettin and Jurgensen, 2003) and global scale (72.3 kg m-"rom Post et al., 1982) our national estimate of SOC density for urban soils would increase from 7.7 to 8.1 and 9.0 kg me2, respectively.
CONCLUSIONS
With a limited number of measurements of urban soils available, SOC densities varied widely among different soil and land-use and land-cover types. Soils of residential lawns appear to have the highest density of C in urban landscapes-higher than many forest soils in the conterminous United States. Thus far, the SOC densities measured for residential lawns also appear to be the least variable of the made-soil types included. The relatively high SOC density of residential soils is most likely a result of lawn management, which typically includes supplements of water and nutrients to maximize grass productivity. Moreover, turfgrass ecosystems can accumulate SOC at rates similar to those for grasslands and some forests due to the absence of annual soil disturbances that occur in agricultural systems.
The city analysis showed the importance of accounting for soils beneath impervious surfaces and in remnant patches of native vegetation. Remnants accounted for almost 10% of the area in our city analysis, and, depending on the SOC density of the native soils, could account for up to 34% of the SOC pool of a city. Moreover, when covered soils were excluded from the analysis, the estimated SOC densities rose substantially for each landuse and land-cover type, indicating the potential for urban soils in pervious areas to sequester large amounts of s o e .
The comparison of pre-agricultural, agricultural, and post-urban estimates of SOC pools of each of the six cities showed the potential for large decreases in SOC pools post-urban development for cities located in the Northeast, where native soils have relatively large SOC densities. By contrast, cities located in warmer and or drier climates tended to have slightly more SOC postthan in pre-urban development. These estimates are consistent with an earlier hypothesis that SOC should be less variable among urban landscapes than among native soils on regional and global scales.
Densities by state for both aboveground and belowground estimates also varied widely. Differences in regional SOC densities were based on differences in native soil types (i.e., urban remnant soils) and regional landuse patterns associated with urban areas. Due to a lack of data, we were unable to assess regional differences that may occur in urban SOC pools. The total weighted average of SOC density for all urban soils in the conterminous United States was 7.7 t: 0.2 kg me', which was remarkably close to a previous estimate. Thus far the variation around this estimate, as calculated from the variance of SOC densities of individual soil types, resulted in a range of only 22.6%. However, this estimate is based only on a limited number of studies from temperate regions and is particularly sensitive to estimates of the aerial coverage and SOC density of urban wetland soils. More data is needed from other regions to determine the range in measurement of urban SOC densities. In addition, our assessment of urban land-use conversion on a city basis showed the potential for substantial losses of SOC in temperate regions, while in more arid climates urban conversions have the potential to increase belowground C storage, assuming our urban soil data are representative of urban soils in these regions. In conclusion, urban soils play a significant role in the overall storage of C in urban landscapes due to relatively high belowground to aboveground C ratios and high SOC densities.
